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@ Apparatus and sensor unit for monitoring changes in a physical quantity with time. 

Apparatus for monitoring changes In a physn 
cal quantity witti tinne comprises a reader unit 
(1) and at least one sensor unit (2) containing 
electronic components (20, 21, 23, 24 and 25) 
ananged to measure the physical quantity at 
predetenmined time inten^als and to store 
measurement data with corresponding time 
data. Each sensor unit (2) also contains conv 
municaticn n^eans (26) for transferring the 
measurerhent data and the time data from the 
sensor unit (2) to the reader unit (1). and the 
sensor unit (2) also contains an inductive coupl- 
ing means (24) to receive energy from the 
reader unit (1) to power the communication 
means (26). Each sensor unit is encapsulated 
with a food grade plastic and is typically the size 
of a credit card. theret>y providing a small and 
relatively inexpensive temperature monitoring 
device for use In the transport and storage of 
foodstuffs. 
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This invention relates to apparatus for monitonng 
changes in a physical quantity with time. The appara- 
tus may be used, for example, to monitor the temper- 
ature of foodstuffs in storage and transit 

Food hygiene regulations impose increasingly s 
strict requirements for the handling and storage of 
foodstuffs, and it is desirable to be able to establish 
reliably that, over a given period, the correct storage 
temperature has been maintained to suppress the 
growth of bacteria, for example. Various devices are io 
available which can be placed in the food container, 
for example a vehicle, to accompany the food and to 
measure and record the temperature within the con- 
tainer at predetemiined Intervals, recording at the 
same time the data and time of the measurement is 
When the food reaches its destination, the tempera- 
ture and time measurements recorded in the device 
am read into a computer by connecting the device to 
a reader unit 

In order to ensure sufficient battery power is aval- 20 
able to operate data measuring and recording func- 
tions reliably over a long period, and to penmit transf^ 
of the data to the reader unit known devices generally 
are relaUvely bulky and costly to manufacture. This 
limits their appiication, since they occupy space which 25 
would othenAflse be occupied by foodstuff, and the 
cost of including one or more of the devices with every 
load of foodstuffs can be prohibitive. As a result 
therefore, most existing devices tend to be used for 
random testing, travelling with selected loads, rather 30 
than for monitoring every load and thus enabling re- 
sponsibiity for spoiled foods to be established, or at 
least to be avoided, by the user of the devices. There 
is therefore a need for a temperature monitoring sys- 
tem which Includes small and relatively Inexpensive 35 
temperature monitoring devices which can travel with 
every vehtde load, or even wHh every pallet load with- 
in the vehicle. 

The specification of US Patent No. 4,g72.0g9 dis- 
doses a portable sensor card in which an external 40 
physical phenomenon can be sensed and the sensed 
value subjected to signal and data processing and the 
results of processing stored, and in which the stored 
data can be read out to an external device. More par- 
ticularly this publication teaches a sensor card com- 45 
prising a single card substrate on which are mounted 
a sensor, an integrated circuit having a memory, and 
an output tenminal. The sensor card is used to detect 
and record the temperature of the environment of food 
or living things during transportation and tndudes a so 
sound^mitting element for generating a predeter- 
mined warning tone when the microprocessor detects 
a sensed temperature outside allowable limits. The 
sensor card incorporates its own power supply, in the 
form of a battery imbedded within the card substrate, 55 
and has an external connection terminal for connec- 
tion to an external device such as a personal comput- 
er. This sensor card is relatively bulky due to the irr>- 



bedded battery which needs to meet all its energy re- 
quirements. Furthemme, the external oonnectk)n ter- 
minal and the projecting sound-emitting element both 
provide recesses in which foodstufFis, dirt and associ- 
ated micro-organisms will accumulate to the debi- 
ment of future consignments. 

The present inventton is particularty concerned 
with the prDvisk>ns of apparatus, for monitoring 
changes in a physical quantity with time, which in- 
dudes a reader unit and at least one sensor unit con- 
taining electronic components ananged to measure 
the physical quantity at predetennlned time intervals 
and to store measurement data with corresponding 
time data, the or each sensor unit also containing 
communicatx>n means for transferring the measure- 
ment data and the time data from the sensor unit to 
the reader unit 

It is an object of the Inventnn to minimise the bulk 
and cost of the sensor unit and to avoid traps for food- 
stuffs, dirt micro-organisms and the like. 

According to one aspect of the invention such ap- 
paratus Is provided with a sensor unit containing In- 
ductive coupling means adapted to receive energy 
from the reader unit to power the communication 
means. 

Preferably the communication means is ananged 
to transmit data to the reader unit by receiving r.f. pow- 
er from the reader unit and by varying the load which 
the sensor unit represents for the reader in accor- 
dance with the data to be transmitted. 

The electronic components in each sensor unit 
may comprise measuring means for measuring the 
physical quantity, timing means for controlling opera- 
tion of the nteasurement means to obtain measure- 
nrwnts at predetemiined intervals and for provWing 
lime data relating to each of the measurements, and 
storage means for storing the measurement data and 
assodated time data. 

The physical quanti^ will typicafly be tempera- 
ture, the measuring means being, for example, a ther- 
mocouple, but other physical quantities may also be 
monitored with apparatus in accordance with the in- 
vention. For example, sound intensity may be moni- 
lored by iricorporation of a suitable transducer in the 
sensor unit permitting monitoring of noise levels in 
public places or within factories to detennine whether 
regulations are being observed. Each sensor unit pre- 
ferably contains a small battery for providing power for 
its electronics components other than the communi- 
cations means. 

In certain applications, for example for monitoring 
temperature in a cold storage room, it may be desir- 
able to guard against removal of the sensor unit to an- 
other location (for example to a refrigerator) in order 
fraudulentiy to mask failure of the cold storage room 
by maintaining a temperature at or below the legally- 
required maximum. Accordingly, for such applica- 
tions, the apparatus may comprise at least one base 
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unit co-operable with a sensor unit such that separa- 
tion of the sensor unit from the base unit ntay be 
sensed or otherwise detected, the electronics compo- 
nents including storage means for storing the meas- 
urenrtent data and associated time data, and the stor- 5 
age means also being arranged to store data regard^ 
ing said separation. The detection means is prefer- 
ably the inductive coupling means whereby the stor- 
age means wil retain a history of the Inductive cou- 
pling of the sensor unit with any reader unit Altema- io 
tively, the electronic components in the sensor unit 
may be powered only by energy received from the 
base unit by the inductive coupling, whereby the sen- 
sor unit is only operative to store new data when in- 
ductively coupled with the base unit The oommunica- i5 
tions means Is preferably arranged such that data 
may be convnunicated from the sensor unit to the 
reader unit irrespective of their relative orientation. 

The present invention is also particularly con- 
cerned with a sensor unit for monitoring changes in 20 
a physical quantity with time» comprising a body car* 
rying electronic components arranged to measure 
said quantity at predetenmined time Intervals and to 
store measurement data with corresponding time 
data. According to another aspect of the Invention 25 
such a sensor is provided with communications 
means in the form of an inductive coupling means, 
and the inductive coupling means is adapted to re- 
ceive energy to power the communications means. 
Preferably the body Is a plastics body enclosing the so 
electronic components, the communications nrwans 
and the inductive coupling means preferably t>y en- 
capsulation. The inductive coupling means is prefer- 
ably a coil encapsulated near the periphery of the 
plastics body. In this event the electronics compo- 35 
nents and the communications means may be posi- 
tioned within the coiis. Using technology currently em- 
ployed in the manufacture of integrated circuit cards 
or "smart cards", the unit may be made relativeiy 
small, for example having, in plan, a shape and size 40 
similar to'the ISO standard bank or credit card, with a 
thickness less than 10 mm« preferably less than 6 mm, 
for example 5 mm. Such a size and configuration 
would permit the unit to be inserted in packaged food 
to monitor temperature without significantly reducing 45 
space available for the food, the tiny power require- 
N ments of the intemal electronic measuring and record- 
ing functions being provided by a very small intemal 
battery which can be rechargeable through the induc- 
tive coupling. so 

By powering data transfer to the reader unit with 
inductively-coupled power from the reader unit the in- 
terna) battery in the sensor unit operating the other 
electronic components may be kept small, thus per- 
mitting the size of the sensor unit to be reduced. En- 55 
capsulation of integrated circuit components within a 
plastics body permits the sensor unit to operate in en- 
vironments which would be deleterious to electronic 



components, and ensures a low thermal mass which, 
in the case of temperature monitoring, results in a rap- 
id response to temperature change without the need 
for external temperature probes. The reduction in size 
to, for example, a thick credit card size, also reduces 
thermal mass, and reduces the volume occupied by 
the sensor unit thus enabling it to be located where 
monitoring Is required, without the need for extemal 
probes and the like. For example, sensor units in ac- 
cordance with the invention may be packed with food- 
stuffs to monitor temperature not only of complete ve- 
hicle loads, but also of individual pallet loads forming 
part of the vehicle load, and even of high value pack- 
ages fonming part of pallet loads. The cost of the sen- 
sor units may be substantially less than known tem- 
perature monitoring devices, thus permitting their use 
for monitoring every toad rather than sampled loads. 
The reduced size also simplifies coupling with a read- 
er unit precise alignment with the reader unit being 
unimportant rendering the extraction of data via the 
reader unit to, say, a computer much easier. Typically, 
the sensor unit will be Initialised' by the reader unit 
upon entry of a security code, for example, to dear ex- 
isting data and to commence the data recording op- 
eration. Each reader unit may record in the sensor unit 
its own indhndual "signature* code for monitoring pur- 
poses. 

Energisation of data may be carried out by the 
electronic components in the sensor unit for security 
purposes and/or to compress the data to reduce stor- 
age requirements or increase the amount of data 
which can be stored. In one data compression tech- 
nk^ue, only significant changes in, say, temperature 
are recorded, so that repeated readings of the same 
temperature are not stored. The change necessary to 
bigger storage of new data may be varied. The data 
recording frequency may t>e varied according to cir- 
cumstances. For example, different food types may 
require different temperature recording frequencies. 

The invention wfll now be described by way of ex- 
ample only, with reference to the accompanying draw- 
ings, in which:- 

Flgure 1 is a perspective view of apparatus ac- 
cording to one embodiment of the invention, and 
Figure 2 is a blodc diagram of the sensor unit 
fonnffig part of the apparatus shown in Figure 1. 
The apparatus shown In Rgure 1 consists of a 
reader unit 1 upon which rests a self-contained sen- 
sor unit 2. In the positton shown, the reader unit and 
sensor unit communicate with each other by inductive 
coupling, for example in the manner described in our 
UK Patent No. 2173623, which can be designed to 
function irrespective of the relative orientation be- 
tween the sensor unit and the reader unit A cable 3 
connects the reader unit 1 to a persoqal computer and 
to a power supply, so that power is avaSable for op- 
eration of the reader unit 1 , and the data received from 
the sensor unit 2 can be passed to the personal com- 
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puter for further processing and. if desired, printed 
^e~,? "^••^^'^"•'nitaisfirs.iSi^ 
me reader unrt 1 to delete existing stored data, to 
rect the internal clock, to calibrate the tetnpeiaftw 
measunn9elementsthereint,yn,ferenceTiJ2S; 5 

Tn Jl l ? equalisation) and to start 

may send to the sensor unit 2. for storaoe tharsin 

datarelatingtothebatchofgoodswithS^sT .0 
sorunitistobeplaced.andcontroldataspSivLT 

nature of the goods, for example. Asecurity cc^ei^ 

2 may be an^nged to ignore further insinictkm 
data sent thereto by the reader unit 1 

DrisiS^HHT '** •''3"* 2. the sensor unit com- 
snate 1 1 bearing a printed circuit which appropriatehr 
into connects a central Processor 20. a mZJ??^ 
the form of an EEPROM, a battery 22 (iJ^Zn^, 
lithium cellX a dock circuit Z!!^ ^ 

device824«ndMTh ' ^ "hemwcouple 
aml?^ ,^-^''*"'"'»''""s20and23.forex. m 
am^.mayfbm,asinglein.egrB,edcircuitrcoJ^ 

10 and IS conneaed to the central processor 20 

oucuve coa 29 extending around the perioharv or m.. 
substrate on the opposite sid« fr™, ° ^""P'wy « 
and 28. The col 2SZ pSi^l"J°:"'««« 27 
cation betMMAn 'nducttve communi- 

rearr^r2:~':r:«-^«?6a„dthe 

fac^h.^«..h.,mo'coS^d?^:r^^^^^^^ « 
»P-«»d apart m the sensor unit to ^erJ^t^J^ 

ature measurenLntS^ril^''^*"^ temper- 
2el^,^! ^ W***" thesensoru^ 

cabons Circuit 26 to the reader uZ 7 

pled with the read« 1 ? """ctiveiy cou- 55 
rangedtoovt^Sfw^Tat^^^L'^^^^^^^ - 
e^ydemandf.rthesensoru'J^lrbe'i^rC 



"^f'! '^'^ can also be used to 

charge the battery 22. «~ «, re- 

TTie cofl 29 would typically comprise about 15 
tece of the substrate 11. Preferably the coll 29 is 

cy or «ne oontactless interface. 

Keep a record of the times at which the sensor unit 2 
m^ductively coupled with a raader unitT!S SSr' 
S^iTi^"^"^ »• «or«i |„ the memoes 
SS? ^ » "istov Of such Inductive iou. 

For use with foodstuffs or livestock, tor instance 
me s««orunit2would be totally h«r^ 

!Si ™* '^'^ -ither be fbm,ed m two or 

more moulded pieces welded together (for Instanoi 

SJnrfl^'*''^'*'«*"P«'««»-S«iitableSS 
S H P-yoWInes and parte 

hMfcwaholefbrafbdng. whereby the sensor uSJ 
J«y.t« Pos^vely secured to a pallet of fbodsITcJ 

2o7.J^^^^- Pn)cessor 
1 " sensor unit in this manner graLp, of 
a p^S.;^;'* by sut^ecbngTcSj 

a predetermined temperature and using a software in- 

^ instnictions may be 

Claims 

1- Apparatus, for monHoring changes in a ohvsieal 
P«an«y With time, including a^ader unSS 
least one sensor unit containing electR>nie com. 

b^ « predetennined lime Intervals and to stora 
measurement data with cortesponding time dS! 

!r.^.^?^"""^"*'~^'«n«'t«te«aand 
the hme data from he sensor unit to the reMta^ 

unrt. Characterised in that the sensor un*,??^ 
con^ir^ inductive coupling mrsS aZt 
power the communication means (26). 



2. APP3ra«"s.asinClaim1.characterisedinthatthe 
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oorrwnunication means (26) Is arranged to trans- 
mit data to the reader unit (1 ) by receiving r.f . pow- 
er from the reader unit and by varying the load 
which the sensor unit (2) represents for the reader 
unit (1) in accordance with the data to be trans- 
mitted. 

3. Apparatus, as in Qaim 1 or 2. characterised in 
that the electronic components include measur- 
ing means (24. 25) for measuring the physical 
quantity, timing means (23) for controHing opera- 
tion of the nr^asurement means (24, 25) to obtain 
measurements at predetermined intervals and for 
providing time data relating to each of the meas- 
urements, and storage means (21) for storing the 
measurement data and associated time data. 

4. Apparatus, as in Qaim 3, characterised in that the 
measuring means (24. 25) is arranged to meas- 
ure temperature. 

5. Apparatus, as in any preceding claim, character- 
ised in that the sensor unit (2) additionally con- 
tains a battery (22) for providing power for the 
electronic components (20, 21. 23. 24 and 25). 

6. Apparatus, as in any preceding daim, character- 
ised in that the detection means (1.2) are ar- 
ranged to sense separation of the sensor unit (2) 
from the base unit (1 ), the electronic components 
include storage means (21 ) for storing the meas- 
urement data and associated time data, and the 
storage means (21) is also arranged to store data 
regarding said separation. 

7. Apparatus, as in Oaim 6, characterised in that the 
detection means (1,2) is the inductive coupling 
means (29). 

S. Apparatus, as in Claim 7. characterised in that the 
electronic components (20. 21 . 23. 24 and 25) are 
powered by energy received by the inducthw cou- 
pling means whereby the sensor unit (2) is only 
operative to store new data when inductively cou- 
pled with the base unit (1). 

9. Apparatus, as in any preceding daim. character- 
ised in that the sensor unit (2) comprises a plas- 
tics body (10) endosing the electronic compo- 
nents (20. 21. 23. 24 and 25) and the convnuni- 
cations means (26). 

1 0. Apparatus, as in Claim 9, characterised in that the 
inductive coupling means (29) is also endosed by 
the plastics body (10). 

11. Apparatus, as in Claim 9 or 10. characterised in 
that the electronic components (20, 21, 23. 24 



and 25), the communications means (26) and the 
inducthre coupling means (29) are encapsulated 
by the plastics body (10). 

5 1Z Apparatus, as in any preceding daim. character- 
ised in that the communications means (26) is ar- 
ranged such that data may be communicated 
from the sensor unit (2) to the reader unit (1) ir- 
respective of their relath^e orientation. 

10 

13. A sensor unit, for monitoring changes in a physi- 
cal quantity with time, comprising a body carrying 
electronic components arranged to measure said 
quantity at predetemnined time intervals and to 

IS store measurement data with corresponding time 
data, and communication means for transfenring 
the measurement data and time data to a reader 
unit, characterised In that the communication 
means is an inductive coupling means (29). and 

20 the inductive coupling means (29) is adapted to 
receive energy to power the communication 
means (26). 

14b A sensor unit, as in Claim 13. characterised in that 
2$ the body is a plastics body (10) endosing the 
electronic components (20, 21, 23. 24 and 25), 
the communication means (26) and the inductive 
coupling means (29). 

30 1 5. A sensor unit as in Claim 14. characterised in that 
the electronic components (20. 21, 23, 24 and 
25). the communication means (26) and the in- 
ductive coupling means (29) are encapsulated by 
the plastics body (10). 

35 

1 6. A sensor unit, as in Claim 15. characterised in that 
the inductive coupling means (29) is a coil (29) 
encapsulated near the periphery of the plastics 
body (10). 

40 

17. A sensor unit, as in Claim 16. characterised in that 
the electronic components (20. 21, 23. 24 and 25) 
and the communications means (26) are posi- 
tioned within the coil (29). 

45 

18. A sensor unit as in any of Claims 13 to 17. char- 
acterised in that the body (10) has a thidcness of 
less than 10 mm. 

50 1 9. A sensor unit as in Claim 1 8, characterised in that 
the body (10) has a thidoiess of less than 6 mm. 

20. A sensor unit as in any of Claims 13 to 19, char- 
acterised in that the body (10) is substantially the 

55 same shape and size as an ISO bank or credit 

card. 

21. A sensor unit as in any of Claims 13 to 20. char- 
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acterised in that the body (1 0) is formed fiom a 
food grade plastic. 

the body (10) is formed fiom a polyolefirw. 
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